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WK,QGXVWULDO3URGXFW6HUYLFH6\VWHPV&RQIHUHQFH366LQGXVWU\WUDQVIRUPDWLRQIRUVXVWDLQDELOLW\DQG
EXVLQHVV
3URGXFWVHUYLFHV\VWHPVIRUKHDY\GXW\YHKLFOHV±DQDFFHVVLEOHVROXWLRQWR
PDWHULDOHIILFLHQF\LPSURYHPHQWV"
 'HUHN/'LHQHUD0DWV:LOOLDQGHUE$QQH0DULH7LOOPDQD 
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*|WHERUJ6ZHGHQ
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Abstract 
3UHYLRXVUHVHDUFKKDVLQYHVWLJDWHGWUDQVLWLRQVRILQGLYLGXDOILUPVWR366EXVLQHVV,WKDVLGHQWLILHGEDUULHUVDQGHQDEOHUVDQGVSHFLILHG
RUJDQL]DWLRQDOFDSDELOLWLHVQHHGHG+RZHYHUWKHWUDQVLWLRQWR366KDVVHOGRPEHHQDSSURDFKHGIURPDSURGXFWFKDLQSHUVSHFWLYH,QDGGLWLRQ
SUHYLRXVUHVHDUFKKDVLQGLFDWHGWKHQHHGIRUPRUHDVVHVVPHQWVRIHQYLURQPHQWDOJDLQVUHODWHGWR366V7KLVVWXG\DLPVDWFRQWULEXWLQJWRWKHVH
SHUFHLYHGNQRZOHGJHJDSVE\PHDQVRIDFDVHVWXG\4XHVWLRQVSRVHGLQFOXGH'RHVWKHVWXG\¶VFDVHFRPSDQ\DQGRQHRILWVVXSSOLHUVKDYHWKH
FDSDELOLWLHVQHHGHGWRDGRSWD366EXVLQHVVPRGHO"DQG&RXOGD366UHDOO\FRQWULEXWHWRPDWHULDOHIILFLHQF\LQWKHLUSURGXFWFKDLQ"

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH,QWHUQDWLRQDO6FLHQWLILF&RPPLWWHHRIWKH&RQIHUHQFHLVFRFKDLUHGE\3URI'DQLHO%ULVVDXG	3URI
;DYLHU%28&+(5
.H\ZRUGV3URGXFWVHUYLFHV\VWHPSURGXFWFKDLQEXVLQHVVPRGHOFDQYDVPDWHULDOHIILFLHQF\
1. Introduction 
7KHUHDUHJURZLQJVRFLHWDOFRQFHUQVDERXW WKH LQWHQVLW\
RI QDWXUDO UHVRXUFH XVH DQG WKH HQYLURQPHQWDO EXUGHQV
DVVRFLDWHGZLWKLW$W WKHVRFLHWDOOHYHO WKHGHSHQGHQF\ RI
WRGD\¶VHFRQRP\RQPDWHULDOWKURXJKSXWLVRIWHQQRWHGDVD
IXQGDPHQWDO SUREOHP $W WKH ILUPOHYHO D PDQXIDFWXUHU¶V
UHYHQXH LV RIWHQ HQWLUHO\ GHSHQGHQW RQ VHOOLQJPDWHULDOV LQ
WKH IRUP RI SURGXFWV 3UHVHQWHG DV SRWHQWLDO VROXWLRQV WR
VXFK PDWHULDO GHSHQGHQF\ SURGXFWVHUYLFHV\VWHPV 366
DUH WRXWHG ZD\V WR UHGXFH D ILUP¶V UHOLDQFH RQ PDWHULDO
WKURXJKSXW %\ FKDQJLQJ D ILUP¶V IRFXV IURP GHOLYHUHG
SURGXFWWRGHOLYHUHGIXQFWLRQXVHRUUHVXOW366LVWKRXJKW
WR OHDG WR UHGXFHG PDWHULDO XVH %DVHG RQ WKLV UHDVRQLQJ
SURSRQHQWVRI WKH IXQFWLRQDOHFRQRP\SURPRWHD WUDQVLWLRQ
WRPRUH366EDVHGEXVLQHVV>@
3UHYLRXV UHVHDUFK KDV LQYHVWLJDWHG WUDQVLWLRQV RI
LQGLYLGXDO ILUPV WR 366 EXVLQHVV ,W KDV LGHQWLILHG EDUULHUV
DQG HQDEOHUV DQG VSHFLILHG RUJDQL]DWLRQDO FDSDELOLWLHV
QHHGHG >@ 5HVHDUFK KDV VHOGRP KRZHYHU DVVHVVHG VXFK
FDSDELOLWLHVWRDGRSWRUUHVSRQGWR366LQDSURGXFWFKDLQ
6XFKUHVHDUFKLVDEVHQWGHVSLWHOLWHUDWXUH¶VHPSKDVLVRQWKH
LPSRUWDQFHRIYDOXHFKDLQUHODWLRQVKLSVIRU366>@
7KH UHVHDUFK OLWHUDWXUH KDV DOVR SUHVHQWHG PXFK
WKHRUHWLFDO GLVFXVVLRQ LQGLFDWLQJ WKDW 366V VKRXOG OHDG WR
EHWWHU HQYLURQPHQWDO SHUIRUPDQFH +RZHYHU HPSLULFDO
TXDQWLWDWLYH UHVXOWV DUH IHZ DQG IDU EHWZHHQ $V WZR UDUH
H[DPSOHV/LQGDKO HWDO  DQG/HODK HWDO XVH
OLIH F\FOH DVVHVVPHQW WR FDOFXODWH HQYLURQPHQWDO LPSDFW
UHGXFWLRQVUHODWHGWR366FDVHV>@$OWKRXJKWKHUHDUHD
QXPEHU RI RWKHU VWXGLHV WKDW GRFXPHQW HQYLURQPHQWDO
LPSDFW UHGXFWLRQV UHODWHG WR UHPDQXIDFWXULQJ LQ 366 HJ
.HUU 	 5\DQ  >@ VXFK VWXGLHV HYDOXDWH WKH
HQYLURQPHQWDO EHQHILWV RI RQO\ RQH NH\ DFWLYLW\
UHPDQXIDFWXULQJ7KH\GRQRWKRZHYHUH[SOLFLWO\DVVHVV
WKH HIIHFWV RI WKH 366 DV D ZKROH  7KH QHHG IRU PRUH
DVVHVVPHQWV RI HQYLURQPHQWDO JDLQV UHODWHG WR 366 DQG
PRUHHPSLULFDOFDVHVWXGLHVKDVEHHQH[SUHVVHGE\VHYHUDO
DXWKRUV>@
7KHFDVHVWXG\SUHVHQWHGLQWKLVSDSHUDLPVWRFRQWULEXWH
WRWKHQRWHGUHVHDUFKQHHGVDQGWRWKHXQGHUVWDQGLQJRI
366FDSDELOLWLHV LQWKHSURGXFWFKDLQDQGWKHSRWHQWLDO
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HQYLURQPHQWDO EHQHILWV RI 366 4XHVWLRQV SRVHG LQFOXGH
'RPDQXIDFWXUHUVDQG WKHLU VXSSOLHUVKDYH WKH FDSDELOLWLHV
QHHGHGWRDGRSWD366EXVLQHVVPRGHO"DQG7RZKDWH[WHQW
FRXOG D 366 OHDG WR LQFUHDVHG PDWHULDO HIILFLHQF\ LQ WKH
SURGXFWFKDLQ"
2. Business models and organizational capabilities  
$ EXVLQHVV PRGHO LV D GHVFULSWLRQ RI KRZ WKH ILUP
FUHDWHV GLVWULEXWHV DQG FDSWXUH YDOXH >@ ,Q D OLQHDU
EXVLQHVV PRGHO /%0 YLUJLQ PDWHULDO LV XVHG WR FUHDWH
SURGXFWVZKLFKDUHVROGWRDFXVWRPHUDQGGLVSRVHGRIDWWKH
HQGRIWKHSURGXFW¶VXVHIXOOLIH,QDFLUFXODUEXVLQHVVPRGHO
&%0 WKH PDWHULDO LV LQVWHDG UHXVHG HLWKHU DV UHF\FOHG
PDWHULDO RU DV XVHG SURGXFW FRPSRQHQWV )RU VXFK D
EXVLQHVV PRGHO UHWDLQLQJ PD[LPXP YDOXH DGGHG LV RI
LPSRUWDQFH DQG KHQFH GLUHFW UHXVH LV SUHIHUUHG WR
UHPDQXIDFWXULQJZKLFKLVSUHIHUUHGWRUHF\FOLQJ>@

2QH PDMRU FKDOOHQJH ZLWK LPSOHPHQWLQJ &%0 LV WKH
UHYHUVH IORZRISURGXFWV >@2QHVROXWLRQWR WKLV LVVXHLV
IRU WKH SURGXFHU WR UHWDLQ RZQHUVKLS RI WKH SK\VLFDO
SURGXFWVLQVWHDGRIIHULQJD366WKDWSURYLGHVXVHIXQFWLRQ
RU UHVXOW RI WKH SURGXFW >@ (QDFWLQJ VXFK DQ RIIHULQJ
UHTXLUHVVHUYLWL]DWLRQRIWKHEXVLQHVVZKLFKFDQLQLWVHOIEH
FKDOOHQJLQJ>@

5HJDUGOHVV RI WKH EXVLQHVV PRGHO D ILUP¶V
FRPSHWLWLYHQHVV LV GHSHQGHQW RQ LWV RUJDQL]DWLRQDO
FDSDELOLWLHV >@ 7DQJLEOH DQG LQWDQJLEOH UHVRXUFHV
DQWHFHGH RUJDQL]DWLRQDO FDSDELOLWLHV E\ LQIOXHQFLQJ WKH
RUJDQL]DWLRQ¶V VNLOOV DQG NQRZOHGJH EDVH WHFKQLFDO
V\VWHPVPDQDJHULDOV\VWHPVQRUPVDQGYDOXHVDQGWKHUHE\
DIIHFWLQJWKHSURILOHRIDQRUJDQL]DWLRQ¶VFDSDELOLWLHV>@

$ FRPSDQ\ WKDW RQO\ XWLOL]HV /%0 OLNHO\ ODFNV VRPH
FDSDELOLWLHV QHHGHG WR VXFFHVVIXOO\ RIIHU D 366 > @
&DSDELOLWLHVWKDWDUHNH\WRD366LQFOXGH

x 5HPDQXIDFWXULQJ &UHDWH ORZHU FRVW VWUXFWXUH E\
UHWDLQLQJ YDOXHDGGHG IURPPDQXIDFWXULQJ WKURXJK IRU
H[DPSOHUHXVHUHIXUELVKLQJDQGUHPDQXIDFWXULQJ
x 9DOXHFKDLQPDQDJHPHQW0DQDJHWKHDGGLWLRQDOYDOXH
FKDLQ FRPSOH[LW\ E\ HJ XWLOL]LQJ WKH VXSSOLHU
QHWZRUN UHWDLQLQJ YDOXHDGGHG RI VXEV\VWHPV DQG
FRPSRQHQWV
x 5HYHUVHORJLVWLFV0DQDJHWKHDGGLWLRQDOFRPSOH[LW\RI
ORJLVWLFVLQUHWXUQIORZV
x $VVHW PDQDJHPHQW &UHDWH KLJKHU UHYHQXH E\
RSWLPL]LQJ XVH RI DVVHWV DJDLQVW FXVWRPHUSRRO
UHTXLUHPHQWVDQGPD[LPL]LQJXSWLPH
x )OH[LEOH RIIHULQJV &UHDWH KLJKHU FRPSHWLWLYHQHVV E\
SURYLGLQJ G\QDPLF366RIIHULQJV IROORZLQJ LQGLYLGXDO
FXVWRPHU¶VFKDQJLQJQHHGV
x 3URGXFWGHVLJQ0D[LPL]HSURILWDELOLW\IURPSURGXFWV
DVDVVHWV E\ GHVLJQLQJ WKHP WR UHWDLQ YDOXH DQG
FRQWULEXWHLQ366RIIHULQJVIRUORQJWLPHV

3. Material efficiency and material flow analysis (MFA) 
$FFRUGLQJ WR WKHRU\ D 366 LV VXSSRVHG WR OHDG WR
LQFUHDVHGPDWHULDO HIILFLHQF\ZKLFK LV GHILQHG E\:RUUHOO
HWDODV³WKHDPRXQWRISULPDU\PDWHULDOQHHGHGWR
IXOILOODVSHFLILFIXQFWLRQ´>@$FFRUGLQJWRWKLVGHILQLWLRQ
PDWHULDOHIILFLHQF\IRUDSURGXFWLVLQFUHDVHGLIWKHPDWHULDO
QHHGHG WR PDNH WKH SURGXFW LV GHFUHDVHG DQGRU LI WKH
IXQFWLRQ GHOLYHUHG LV LQFUHDVHG%DVHG RQ WKLV UHODWLRQVKLS
WKHUH DUH PDQ\ ZD\V WR LQFUHDVH PDWHULDO HIILFLHQF\
0DWHULDOQHHGHGPD\EH UHGXFHG E\ GHVLJQLQJ WKH SURGXFW
ZLWK OHVVPDWHULDO RU DQRWKHUPDWHULDO SURGXFW GHVLJQ E\
LPSURYLQJUDZPDWHULDOH[WUDFWLRQDQGSURGXFWLRQSURFHVVHV
RU E\ LQFUHDVLQJ UHF\FOHG PDWHULDO LQSXW )XQFWLRQ
GHOLYHUHG RQ WKH RWKHU KDQG FDQ EH LQFUHDVHG E\ DOWHULQJ
SURGXFW  GHVLJQ DQGRU FRPSRQHQW FKRLFH  XVH 
LQVWDOODWLRQ DQG PDLQWHQDQFH  UHXVH DQG
UHPDQXIDFWXULQJDQGPDWHULDOUHF\FOLQJ>@
4. Method and data sources 
7KH UHVHDUFK TXHVWLRQV ZHUH DSSURDFKHG ZLWK D FDVH
VWXG\RI7&RDQLQWHUQDWLRQDOWUXFNPDQXIDFWXUHUDQGRQH
RI LWV VXSSOLHUV&&RZKLFK GHOLYHUV FRPSRQHQWV WKDWDUH
XVHG LQ PDQ\ VXEV\VWHPV WR LQFOXGH WKH HQJLQH JHDUER[
DQGZKHHOHQG5HVHDUFKHUVZDQWHGWRNQRZ±ZKDWZRXOG
7&RGRGLIIHUHQWO\ LI WKH\ZHUH WRVHOO WUXFN IXQFWLRQDQG
UHWDLQWUXFNIXQFWLRQWKURXJKRXWWKHWUXFN¶VOLIHF\FOH"+RZ
ZRXOG&&REHDEOHWRSURYLGHSURGXFWVDQGVHUYLFHVWR7
&R LQ WKH QHZ UHDOLW\" 'R WKH FRPSDQLHV KDYH WKH
FDSDELOLWLHV QHHGHG WR HQDFW D WUXFN 366"  +RZ ZRXOG
FKDQJHV PDGH E\ WKH FRPSDQLHV DIIHFW WKH PDWHULDO XVH
UHTXLUHGWRGHOLYHUWUXFNIXQFWLRQ"

,Q RUGHU WR DQVZHU WKHVH TXHVWLRQV UHVHDUFKHUV
FRQGXFWHG LQWHUYLHZV DQG SHUIRUPHG WZR W\SHV RI
DVVHVVPHQWV $ UHYLHZ RI WKH ILUPV¶ FDSDELOLWLHV WR DGRSW
366 FDSDELOLW\ DVVHVVPHQW ZDV FRQGXFWHG XVLQJ WKH
%XVLQHVV0RGHO&DQYDV>@ZKLOH0DWHULDO)ORZ$QDO\VLV
0)$>@ZDVXVHGWRDVVHVVWKHSRWHQWLDOHIIHFWVRI366
RQPDWHULDOHIILFLHQF\
 ,QWHUYLHZV
6HPLVWUXFWXUHG LQWHUYLHZV ZHUH WKH SULPDU\ GDWD
FROOHFWLRQ DFWLYLW\ IRU ERWK DVVHVVPHQWV 5HVHDUFKHUV
LGHQWLILHG LQWHUYLHZHHV ZLWK KHOS IURP FRPSDQ\
UHSUHVHQWDWLYHV ,Q WKH HQG LQWHUYLHZHHV LQFOXGHG 
SHUVRQQHO IURP 7&R DQG WZR IURP &&R 7&R
LQWHUYLHZHHV KDG UROHV LQ WKH IROORZLQJ DUHDV UHJLRQDO
YHKLFOHVDOHVDIWHUPDUNHWVDOHVDQGSODQQLQJWRLQFOXGH
UHPDQXIDFWXULQJ EXVLQHVV  SURGXFW GHYHORSPHQW 
UHPDQXIDFWXULQJ RSHUDWLRQV  DQG UHYHUVH ORJLVWLFV 
)URP &&R WKH WZR LQWHUYLHZHHV LGHQWLILHG LQFOXGHG RQH
UHJLRQDO VDOHV PDQDJHU DQG RQH SURGXFW GHYHORSPHQW
PDQDJHU

$OO LQWHUYLHZV VWDUWHG ZLWK WKH SUHPLVH 7&R VHOOV
IXQFWLRQDQGUHWDLQVWUXFNRZQHUVKLSGXULQJWKHHQWLUHWUXFN
OLIHF\FOH  ,QWHUYLHZHHV ZHUH DVNHG ZKDW DFWLRQV ZRXOG
KDYH WR EH RU FRXOG EH WDNHQ LI VXFK D 366 ZHUH WR EH
LQLWLDWHG)URPWKHUHUHVHDUFKHUVDVNHGTXHVWLRQVVSHFLILFWR
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WKH REMHFWLYHV RI WKH WZR DVVHVVPHQWV GHVFULEHG LQ 
,QWHUYLHZVZHUHFRQGXFWHGLQKRXUWLPHVORWV$OO
LQWHUYLHZV DQG D ZRUNVKRS GHVFULEHG EHORZ ZHUH
UHFRUGHG (OHYHQ SUDFWLWLRQHUV ZHUH LQWHUYLHZHG
LQGLYLGXDOO\WHQLQSHUVRQDQGRQHRYHUWKHSKRQH

,Q DGGLWLRQ RQH WZRKRXU ZRUNVKRS ZDV DUUDQJHG WR
GLVFXVVZKDWZKHHOHQGGHVLJQSRVVLELOLWLHVPD\EHUHOHYDQW
LI D 366 IRU WUXFNV ZHUH WR EH LPSOHPHQWHG 7KUHH
SUDFWLWLRQHUVSDUWLFLSDWHG7&R¶VZKHHOHQGH[SHUWDQGWKH
WZRSUDFWLWLRQHUVIURP&&R

$IWHU LQWHUYLHZV UHVHDUFKHUV OLVWHQHG WR UHFRUGLQJV
PDGHFRPSUHKHQVLYHQRWHVDQGVHQWIROORZXSTXHVWLRQVRU
GDWD UHTXHVWV WR LQWHUYLHZHHV ZKHQ QHHGHG $IWHU DOO
LQWHUYLHZV KDG EHHQ FRPSOHWHG UHVHDUFKHUV UHYLHZHG
LQWHUYLHZQRWHVDQGLGHQWLI\RYHUDOOWUHQGV
 366FDSDELOLWLHVDVVHVVPHQW
7KHWZRFRPSDQLHV¶FDSDELOLWLHV IRU366ZHUHDVVHVVHG
XVLQJ WKH%XVLQHVV0RGHO&DQYDV7KH ³FDQYDV´ GHSLFWV D
EXVLQHVV PRGHO DV  VHSDUDWH EXLOGLQJ EORFNV &XVWRPHU
6HJPHQWV &XVWRPHU 5HODWLRQV &KDQQHOV 9DOXH
3URSRVLWLRQ .H\ $FWLYLWLHV .H\ 5HVRXUFHV .H\ 3DUWQHUV
DQG ILQDOO\&RVW6WUXFWXUHDQG5HYHQXHV6WUHDPV >@)RU
WKLV VWXG\ &RVW 6WUXFWXUH DQG 5HYHQXH 6WUHDPV ZHUH QRW
DVVHVVHG +HQFH WKH IRFXV ZDV SODFHG RQ RUJDQL]DWLRQDO
FDSDELOLWLHV QHWZRUNV DQG UHVRXUFHV QRW WKH ILQDQFLDO
DVSHFWVUHYHQXHVDQGFRVWV

,QWHUYLHZV ZHUH WKXV IRFXVHG RQ OHDUQLQJ DERXW WKH
FXUUHQWVWDWHUHODWHGWRWKHVHILUVWVHYHQEXLOGLQJEORFNVDQG
KRZ WKHVH EXLOGLQJ EORFNV FRXOG IDFLOLWDWH 366
LPSOHPHQWDWLRQ$VDFRPSOHPHQWFDSDELOLWLHVLGHQWLILHGLQ
VHFWLRQ  ± UHPDQXIDFWXULQJ YDOXH FKDLQ PDQDJHPHQW
UHYHUVH ORJLVWLFVDVVHWPDQDJHPHQW IOH[LEOHRIIHULQJVDQG
SURGXFWGHVLJQ±ZHUHFRQVLGHUHGRI VSHFLDO LQWHUHVW)URP
LQWHUYLHZ GDWD JDWKHUHG WKH FRPSDQLHV¶ EXVLQHVV PRGHO
FDSDELOLWLHVIRU366ZHUHHYDOXDWHGDVEHLQJH[LVWLQJRUQRW
H[LVWLQJ
 0DWHULDOIORZDQDO\VLV0)$
0DWHULDO IORZDQDO\VLV 0)$ LVDQHVWDEOLVKHGPHWKRG
XVHGWRV\VWHPDWLFDOO\PDSDQGTXDOLI\IORZVDQGVWRFNVLQ
D V\VWHP ,W LV FRPPRQO\ XVHG IRU DVVHVVLQJ IORZV RI
FRPPRGLWLHV RU SRWHQWLDO SROOXWDQWV WKURXJK UHJLRQV RU
HFRQRPLHV7KHEDVLFVWHSVRI0)$LQFOXGHLGHQWLI\LQJ
PDWHULDOV RI LQWHUHVW  GHWHUPLQLQJ VFRSH DQG V\VWHP
ERXQGDULHV  LGHQWLI\LQJ DFWLYLWLHV RU SURFHVVHV RI
LQWHUHVW  HVWLPDWLQJ WUDQVIHU FRHIILFLHQWV EHWZHHQ
DFWLYLWLHV RU SURFHVVHV DQG  FDOFXODWLRQ RI IORZV DQG
VWRFNV>@

5HVHDUFKHUVZDQWHG WRPHDVXUHPDWHULDOHIILFLHQF\ LQD
ZD\ WKDW ZDV UHOHYDQW WR WKH SURGXFW FKDLQ RI WKH WZR
FRPSDQLHV DQG WKDW DOORZHG IRU DFFXUDF\ LQ PDWHULDO
TXDQWLILFDWLRQ 7KUHH FRPSRQHQW W\SHVZHUH FKRVHQ DV WKH
LQSXWV WR WKH V\VWHP PDWHULDOV RI LQWHUHVW RQHZKHHOHQG
FRPSRQHQW W\SH ZRQHJHDUER[FRPSRQHQWW\SH JDQG
RQH HQJLQH FRPSRQHQW W\SH H $OO WKUHH FRPSRQHQWV DUH
SULPDULO\PDGHRI VWHHODQGDUHVXSSOLHGWR7&RE\&&R
RURQHRI&&R¶VFRPSHWLWRUV

8VLQJ 0)$ GDWD IURP WKH PDWHULDO HIILFLHQFLHV ZHUH
HYDOXDWHG IRU WKH FRPSRQHQWV LQ WZR V\VWHPV WKH FXUUHQW
VWDWH KRZ IORZV DUHQRZ DQG WKHSRVVLEOHPRGLILHG366
VWDWHKRZIORZVFRXOGSRVVLEO\EH7KH366PRGLILHGVWDWH
SUHVHQWHG LQ WKLV SDSHU ZDV IRUPHG XVLQJ UHODWLYHO\
FRQVHUYDWLYHHVWLPDWHVDVVHVVLQJFKDQJHVWKDWDSSHDUWREH
ZLWKLQUHDFKZLWKRXWUDGLFDOUHGHVLJQ

7KHV\VWHPRILQWHUHVWLQFOXGHGWKHIROORZLQJDFWLYLWLHV
YHKLFOH PDQXIDFWXULQJ XVH PDLQWHQDQFHUHSDLU VHUYLFH
VXSSO\ UHPDQXIDFWXULQJ GLVPDQWOLQJ PDWHULDO VFUDS
KDQGOLQJVWHHOUHF\FOLQJPHWDOOXUJ\DQGVODJKDQGOLQJ7KH
FRXQWU\ RI 6ZHGHQ IRUPHG WKH JHRJUDSKLFDO V\VWHP
ERXQGDULHV DQG DQ HVWLPDWH RI H[SRUW ZDV DOVR LQFOXGHG
0DWHULDOIORZVZHUHWREHGHSLFWHGIRURQH\HDUWKURXJKWKH
V\VWHP 7RJHWKHU WKH WUXFNV UHSUHVHQW D IOHHW RI D IL[HG
DPRXQW RI WUXFN IXQFWLRQ LH WKH IOHHWDOZD\V GHOLYHUV WKH
VDPHDPRXQWRIIXQFWLRQ

'DWD FROOHFWLRQ LQYROYHG REWDLQLQJ GDWD IRU ERWK WKH
FXUUHQW VWDWH DQG 366PRGLILHG VWDWH 7KXV LQWHUYLHZ
TXHVWLRQVIRUWKH0)$ZHUHSRLQWHGWRZDUGVWHFKQLFDODQG
RSHUDWLRQDOFKDQJHVWRWKHWUXFNV\VWHP

,ID366ZHUHWREHDGRSWHGZRXOGDQGFRXOG
WUXFNGHVLJQRUXVHOLIHEHFKDQJHG"
FRPSRQHQWGHVLJQEHFKDQJHG"
WUXFNDVVHPEO\EHDOWHUHG"
XVHDQGPDLQWHQDQFHEHDOWHUHG"
UHXVHDQGUHPDQXIDFWXULQJEHIDFLOLWDWHG"
UHF\FOLQJRSSRUWXQLWLHVEHLPSURYHG"

,QZKDWZD\VDQGLQZKDWPDJQLWXGHFRXOGWKHVHDVSHFWV
DERYHEHFKDQJHG"

'DWDZDVFROOHFWHGWRDOORZIRUHVWLPDWLRQRIWUXFNDQG
FRPSRQHQW XVH OLIH DVZHOO DV WUDQVIHU FRHIILFLHQWV IRU WKH
DFWLYLWLHV PHQWLRQHG HDUOLHU $ GLIIHUHQWLDWLRQ ZDV PDGH
EHWZHHQ PDLQWHQDQFHUHSDLU DQG UHPDQXIDFWXULQJ ZKHUH
UHPDQXIDFWXULQJPHDQVWKDWFRUHVDUHUHSDLUHGRUUHEXLOWWR
QHZ VSHFLILFDWLRQV 7UDQVIHU FRHIILFLHQW HVWLPDWHV IRU
DFWLYLWLHV PDWHULDO KDQGOLQJ VWHHO UHF\FOLQJ DOOR\HG DQG
FDUERQ DQG VODJ KDQGOLQJ DVZHOO DV DQ HVWLPDWH RI WUXFN
H[SRUW ZHUH WDNHQ IURP 'LHQHU DQG 7LOOPDQ 
VXEPLWWHG

)URP LQWHUYLHZ DQG SURGXFW GDWD PDWHULDO LQSXWV DQG
WUDQVIHU FRHIILFLHQWV ZHUH HVWLPDWHG ,QSXW LQFOXGHG
FRPSRQHQWV LQ QHZ WUXFNV DQG DV UHSODFHPHQW SDUWV 1HZ
WUXFN LQSXW ZDV HVWLPDWHG E\ PXOWLSO\LQJ WKH QXPEHU RI
QHZ WUXFNV LQWURGXFHG LQWR WKH V\VWHP HDFK \HDU
DSSUR[LPDWHO\  ZLWK WKH ZHLJKW RI WKH VWXGLHG
FRPSRQHQWVRIHDFKW\SHLQHDFKQHZWUXFN

5HSODFHPHQW SDUW LQSXW ZDV HVWLPDWHG EDVHG RQ WKH
QXPEHUDQGZHLJKWRIFRPSRQHQWVWKDWQHHGWREHUHSODFHG
LQ D \HDU PLQXV WKH QXPEHU WKDW DUH VXSSOLHG YLD UHXVH
<HDUO\ UHSODFHPHQWVQHHGHG IRUZKHHOFRPSRQHQW ZZDV
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EDVHG RQ VSHFLILHG FRPSRQHQW XVH OLIH NP DQG WUXFN
\HDUO\ GULYLQJ GLVWDQFH NP $ ILJXUH IRU \HDUO\
UHSODFHPHQWV QHHGHG IRU JHDUER[ DQG HQJLQH FRPSRQHQWV
ZDV EDVHG RQ DQ HVWLPDWH RI KRZ PDQ\ JHDUER[HV DQG
HQJLQHVDUHUHSDLUHGRUUHPDQXIDFWXUHGLQDJLYHQ\HDU)RU
HVWLPDWLQJ WKH SRWHQWLDO DPRXQW RI JHDUER[ DQG HQJLQH
UHPDQXIDFWXULQJ IRU WKH366PRGLILHG VWDWH WKH HVWLPDWHG
IDLOXUH IUHTXHQFLHV IRU JHDUER[HV DQG HQJLQHV KRZPDQ\
DUH H[SHFWHG WR IDLO LQ D SRSXODWLRQZDV FRPSDUHG WR WKH
HVWLPDWHG FXUUHQW TXDQWLW\ RI JHDUER[ DQG HQJLQH
UHPDQXIDFWXUH DQG UHSDLUV 5HXVH ZDV EDVHG RQ DGGLQJ
FRPSRQHQWVUHXVHGDIWHUGLVPDQWOLQJWRFRPSRQHQWVUHXVHG
LQ FRQMXQFWLRQ ZLWK UHSDLU DQG UHPDQXIDFWXULQJ UHSDLU
UHXVH 5HSDLUUHXVH RI FRPSRQHQWV ZDV EDVHG RQ WKH
QXPEHU RI HQJLQHV DQG JHDUER[HV UHSDLUHG RU
UHPDQXIDFWXUHG PXOWLSOLHG ZLWK WKH SHUFHQWDJH RI
FRPSRQHQWV UHXVHG DIWHU HQJLQH RU JHDUER[ UHSDLU RU
UHPDQXIDFWXULQJ

%RWKFXUUHQW DQG366PRGLILHG VWDWHVZHUHDVVXPHG WR
GHOLYHU WKH VDPHDPRXQW RI IXQFWLRQ NP7KHDPRXQW RI
IXQFWLRQ GHOLYHUHG E\ WKH IOHHW LV DSSUR[LPDWHO\ 0NP
7KLVLVHVWLPDWHGEDVHGRQWKHHQWLUH7&RIOHHWLQ6ZHGHQ
 WUXFNV PXOWLSOLHG E\ WKH DYHUDJH WUXFN \HDUO\
GULYLQJGLVWDQFHNP>@

7KHUHVXOWVIURPWKH0)$ZHUHWKHQFRPSDUHGWRDVVHVV
WRZKDWH[WHQWPDWHULDOHIILFLHQF\GLIIHUVLQWKHWZRVWDWHV
5. Results and Discussion 
 &XUUHQWFDSDELOLWLHVDFFRUGLQJWRWKH%XVLQHVV0RGHO
&DQYDV
7&RDQGVRPHRI WKHLUFXVWRPHU VHJPHQWVDUHDOUHDG\
WRGD\ZHOOHTXLSSHGIRU3665HPDQXIDFWXULQJDW7&RKDV
EHHQ RQJRLQJ VLQFH  7&R LWVHOI KDV VL[
UHPDQXIDFWXULQJ SODQWV ZKHUH LWV IRFXV LV RQ HQJLQHV DQG
JHDUER[HV EXW ZKHUH LW DOVR KDQGOHV D QXPEHU RI RWKHU
SURGXFWV7&RDOVRKDVDZHOOGHYHORSHGVXSSOLHUQHWZRUN
IRUFRPSRQHQWUHPDQXIDFWXULQJ

5HJDUGLQJ DVVHWPDQDJHPHQW GHDOHUV DQGPDLQWHQDQFH
HQWLWLHV UHFRUG DQG XWLOL]H LQGLYLGXDO YHKLFOH XVH DQG
PDLQWHQDQFH GDWD WR EHVW VHUYH LQGLYLGXDO FXVWRPHUV
+RZHYHUVXFKGDWDLVXVHGVSDULQJO\WRJHWKHU3UDFWLWLRQHUV
LQGLFDWHG WKDW D 366 ZRXOG DOORZ 7&R WR EHWWHU FROOHFW
DJJUHJDWH DQG DSSO\ VXFK GDWD IRU LPSURYLQJ SURGXFW
GHVLJQPDLQWHQDQFHDQGHYHQUHPDQXIDFWXULQJ

/RJLVWLFV IRU PDQXIDFWXULQJ GHOLYHU\ RI WUXFNV VSDUH
SDUW GLVWULEXWLRQ DV ZHOO DV UHYHUVH ORJLVWLFV IRU FRUH
UHPDQXIDFWXULQJKDVEHHQLQSODFHIRUPDQ\GHFDGHV7KHVH
VDPHORJLVWLFVV\VWHPVFRXOGEHXVHGLQD366,QDGGLWLRQ
LQWHUYLHZHHV LQGLFDWHG WKDW UHYHUVH ORJLVWLFV IRU
UHPDQXIDFWXULQJLVHDVLO\VFDODEOHLQVL]H

/LNH PDQ\ RI LWV FRPSHWLWRUV 7&R DOUHDG\ KDVPDQ\
GLIIHUHQWRIIHULQJVLQWKHIRUPRIGLUHFWVDOHVYDU\LQJOHYHOV
RI VHUYLFHFRQWUDFWV OHDVHFRQWUDFWVDQGVKRUWHUWHUPUHQWDO
FRQWUDFWV7KLVYDULHW\LVLQUHVSRQVHWRYDU\LQJPDUNHWDQG
FXVWRPHUGHPDQGV&XVWRPHUVDUHLQFUHDVLQJO\LQWHUHVWHGLQ
WUXFNXVH IOH[LELOLW\DQGEXVLQHVVULVNUHGXFWLRQDQGKHQFH
OHDVH DQG UHQWDO FRQWUDFWV ,Q DGGLWLRQ 7&R KDV PDQ\
FXVWRPHUV WKDW FKRRVH WUXFNV IRU TXDOLW\ DQG UHOLDELOLW\
0DQ\FXVWRPHUVYDOXHWUXFNIXQFWLRQDQGXSWLPHRYHUWUXFN
RZQHUVKLS 7KXV QRW RQO\ KDV 7&R GHYHORSHG VRPH
FDSDELOLW\LQVHOOLQJDQGPDQDJLQJ366OLNHFRQWUDFWVWKHUH
LVDQLQFUHDVLQJPDUNHWGHPDQGIRUVXFKVHUYLFHV

3URGXFWGHVLJQDW7&RLVFRQGXFWHGLQFRQMXQFWLRQZLWK
D SULRULWL]DWLRQ DFWLYLW\ WKDW LQFOXGHV DVSHFWV VXFK DV FRVW
QHZ SURGXFWLRQ FRPSDWLELOLW\ ZLWK IRUPHU GHVLJQV
PRGXODULW\ HDVH RI PDLQWHQDQFH DQG UHPDQXIDFWXULQJ
$OWKRXJK DVSHFWV OLNH GHVLJQ IRU UHPDQXIDFWXULQJ DUH QRW
FXUUHQWO\ SULRULWL]HG KLJKO\ D PRYH WRZDUGV 366 ZRXOG
FKDQJH WKHUHODWLYH LPSRUWDQFHRI WKLVDQGRWKHUDWWULEXWHV
0RVWLPSRUWDQWO\LVWKDWWKHSULRULWL]DWLRQDFWLYLW\H[LVWVDQG
DOUHDG\FRQVLGHUVPDQ\LPSRUWDQWDWWULEXWHV

&&RDOVRDSSHDUV WRKDYH WKHRUJDQL]DWLRQDOFDSDELOLW\
WRKDQGOH VXFK GHVLJQ SULRULWL]DWLRQ ,Q DGGLWLRQ&&RKDV
WDQJLEOH UHVRXUFHV LQ WHUPV RI 5	' RUJDQL]DWLRQV DQG
PDQXIDFWXULQJ IDFLOLWLHV WKDW FDQ WRJHWKHU GHVLJQ
PDQXIDFWXUH DQG UHPDQXIDFWXUH SURGXFWV VXLWDEOH IRU366
RIIHULQJV &&R DOVR KDV VRPH LQWDQJLEOH UHVRXUFHV
UHTXLUHG VXFK DV H[SHUWLVH LQ PDWHULDO DSSOLFDWLRQ
SURGXFWLRQ UHPDQXIDFWXULQJ VDOHV DQG VHUYLFH DQG
PDFKLQH PDLQWHQDQFH &&R KDV WHFKQRORJLHV DQG GHVLJQV
WKDWFRXOGEHK\SRWKHWLFDOO\DGDSWHGWR WKHQHZ WUXFN366
VXFK DV FRQGLWLRQ PRQLWRULQJ VHQVRUV DQG HTXLSPHQW
HQDEOLQJ SUHYHQWDWLYH PDLQWHQDQFH DQG SUHFLVLRQ
PHDVXUHPHQW IRU PDLQWHQDQFH DFWLYLWLHV &&R RIIHUV
DOWHUQDWLYH FRQVWUXFWLRQV IRU HQKDQFHG SHUIRUPDQFH
UHGXFHGVL]HDQGZHLJKWDQGXVHOLIH)LQDOO\&&RDOUHDG\
RIIHUVSURGXFWUHPDQXIDFWXULQJIRURWKHUYHKLFOHW\SHVUDLO
DQG DHURVSDFH DQG DOUHDG\ SURYLGHV FRPSRQHQWV WR VRPH
366VRIIHUHGE\RWKHU2(0V

'HVSLWHWKHFDSDELOLWLHVIRULPSOHPHQWLQJ366SRWHQWLDO
FKDOOHQJHV ZHUH DOVR LGHQWLILHG IRU 7&R )LUVW 7&R
DOUHDG\KDVDVPDOOIOHHWPDQDJHPHQWDQGUHQWDORSHUDWLRQ
+RZHYHU DQ HQKDQFHG DVVHW IOHHW PDQDJHPHQW ZRXOG
KDYH WR EH GHYHORSHG LQ RUGHU WR RSWLPL]H DVVHW XVH DQG
PDLQWHQDQFH 6HFRQG DOWKRXJK D VWURQJ GHDOHU DQG
PDLQWHQDQFHQHWZRUNH[LVWVDQHZV\VWHPRIFRPSHQVDWLRQ
ZRXOGOLNHO\KDYHWREHFRQVWUXFWHG5HYHQXHVZRXOGFRPH
WRWDOO\ LQ WKH IRUPRI UHQWDODQG OHDVH SD\PHQWV DQG WKRVH
IXQGV ZRXOG KDYH WR EH GLVWULEXWHG LQ D ZD\ WR VWLPXODWH
GHDOHUDQGPDLQWHQDQFHVHUYLFHSDUWQHUVWRVHOODVZHOODVWR
FRPSHQVDWHWKHPIRUWUXFNVHUYLFHFRVWV

'HVSLWH VRPH OLPLWDWLRQV ERWK FDVH FRPSDQLHV VKRZHG
WRKDYHPRVWRIWKHEDVLFFDSDELOLWLHVUHTXLUHGWRUXQD366
GHVSLWH WKH IDFW WKH\ ERWK FXUUHQWO\ RSHUDWH XQGHU D OLQHDU
EXVLQHVV PRGHO SDUDGLJP $ PRYH WR SULPDULO\ 366
RIIHULQJV ZRXOG XQGRXEWHGO\ EH FKDOOHQJLQJ IRU ERWK
FRPSDQLHV ± WKHLU FDSDELOLWLHV DQG LQIUDVWUXFWXUH KDV EHHQ
VWUXFWXUHGIRUSURGXFWVDOHVIRUPDQ\GHFDGHV1HYHUWKHOHVV
LQ WKH HYHQW WKDW FXVWRPHUV GHPDQG PRUH IXQFWLRQ DQG
SHUIRUPDQFH RIIHULQJV ERWK FRPSDQLHV DUH ZHOO SUHSDUHG
0DQ\ FDSDELOLWLHV WKDW WDNH PDQ\ \HDUV WR GHYHORS DUH
DOUHDG\LQSODFHDOEHLWWRDOLPLWHGGHJUHH
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 3RWHQWLDOPDWHULDOHIILFLHQF\
7KHPDWHULDO IORZV RI WKH VHOHFWHGZKHHO Z JHDUER[
J HQJLQH H FRPSRQHQWV IRU WKH FXUUHQW VWDWH DQG WKH
366PRGLILHGVWDWHDUHVKRZQLQ)LJXUH7KHFRPSRQHQWV
WKDW HQWHU WKH V\VWHP JR WR YHKLFOH PDQXIDFWXULQJ LV D
ZHLJKW UDWLR RI HVWLPDWHG WR EH  ZHJ 7UDQVIHU
FRHIILFLHQWV IRU WKH DFWLYLWLHV YHKLFOH PDQXIDFWXULQJ DQG
DIWHUPDUNHW GLVWULEXWLRQ ZHUH DVVXPHG WR EH  VLQFH
FRPSRQHQW GDPDJH LQ DVVHPEO\ RU RYHUVWRFNGLVWULEXWLRQ
ORVVHVDUHVDLGWREHQHJOLJLEOH

)URPXVH FRPSRQHQWV DUH VHQW WR H[SRUWPDLQWHQDQFH
UHSDLUUHPDQXIDFWXULQJZKHUHWKH\DUHUHZRUNHGWRQHZ
VSHFLILFDWLRQV RU WR GLVPDQWOLQJ 1R ZKHHO FRPSRQHQWV
ZDUHFXUUHQWO\UHSDLUHGRUUHPDQXIDFWXUHG,WLVHVWLPDWHG
WKDW DSSUR[LPDWHO\  RI WKH HQJLQHV DQG  RI WKH
JHDUER[HV LQWKH IOHHWDUHUHSDLUHGRQD\HDUO\EDVLVZKLOH
DURXQG  DQG  DUH UHPDQXIDFWXUHG UHVSHFWLYHO\
'XULQJ HQJLQH RU JHDUER[ UHSDLU FRPSRQHQWV DUH
FRPPRQO\RQO\UHSODFHGDVQHHGHG,WLVDVVXPHGWKDW
RI WKH FRPSRQHQWV LQ HQJLQHVDQG JHDUER[HV H DQG JDUH
UHSODFHGGXULQJUHSDLU:KHQLWFRPHV WR UHPDQXIDFWXULQJ
VRPH HQJLQHV DQG JHDUER[HV FRUHV DUH GLVFDUGHG EHIRUH
UHPDQXIDFWXULQJ'XULQJHQJLQHUHPDQXIDFWXULQJRI
WKH VWXGLHG HQJLQH FRPSRQHQWV H DUH UHSODFHG 'XULQJ
JHDUER[ UHPDQXIDFWXULQJ  RI WKH VWXGLHG FRPSRQHQWV
JDUHUHSODFHG)URPGLVPDQWOLQJRIJHDUER[HVDQG
HQJLQHVDQGRIZKHHOFRPSRQHQWVZDUHVDOYDJHGIRU
UHXVH

&RQVLGHULQJ WKH366PRGLILHGVWDWH WKHLQWURGXFWLRQRI
366ZRXOG OHDG WRDQXPEHURIFKDQJHV WRPDWHULDO IORZV
)LUVW LQWHUYLHZHHV LQGLFDWHG WKDW D VOLJKW WUXFN VL]H
UHGXFWLRQ FRXOG EH PDGH LI 7&R RZQHG WKH IOHHW DV
FXVWRPHUV VKRZ D WHQGHQF\ WR SXUFKDVH ODUJHU DQG PRUH
HTXLSSHG WUXFNV WKDQ PLJKW EH QHHGHG 6HFRQG DV VRPH
FXVWRPHUV GR QRW IROORZ SUHYHQWDWLYH PDLQWHQDQFH
VFKHGXOHV LQWHUYLHZHHV LQGLFDWHG WKDW WKHUH LV D VL]DEOH
SRWHQWLDOWRLPSURYHWKHIOHHW¶VXSWLPH%DVHGRQWKHVHWZR
LQGLFDWLRQV D QRPLQDO PDWHULDO UHGXFWLRQ WR WKH QHZ
WUXFN LQSXW LV DVVHVVHG ,QWHUYLHZHHV LQGLFDWHG WKDW PDQ\
PRUH JHDUER[HV DQG HQJLQHV ZRXOG OLNHO\ EH
UHPDQXIDFWXUHG E\ 7&R DQG WKDW UHPDQXIDFWXULQJ ZRXOG
OLNHO\ WDNH WKH SODFH RI VRPH RI WKH FXUUHQWPDLQWHQDQFH
UHSDLU DFWLYLWLHV ,Q DGGLWLRQ LW LV HVWLPDWHG WKDW WKHUH DUH
PRUH JHDUER[HV DQG HQJLQHV WKDW FRXOG EH UHSDLUHG RU
UHPDQXIDFWXUHGWKDQDUHFXUUHQWO\GRQH$UHPDQXIDFWXULQJ
PDQDJHU DOVR LQGLFDWHG WKDW LW ZRXOG OLNHO\ EH SRVVLEOH WR
UHSODFH OHVV RI WKH VWXGLHG FRPSRQHQWV J DQG H GXULQJ
UHPDQXIDFWXULQJ 7KXV IRU WKLV DVVHVVPHQW
UHPDQXIDFWXULQJ LV HVWLPDWHG WR EH GRXEOHG IRU ERWK
JHDUER[HV DQG HQJLQHV DQG UHSODFHPHQW RI FRPSRQHQWV H
DQGJLVGHFUHDVHGE\

5HJDUGLQJWKHZKHHOFRPSRQHQWZLQWHUYLHZHHVLQGLFDWHG
WKDW FRPSRQHQW Z¶V XVH OLIH FRXOG EH LQFUHDVHG E\ HLWKHU
PDNLQJWKHFRPSRQHQWPRUHUREXVWE\DGGLQJPDWHULDORU
E\PDNLQJVSHFLILFDWLRQVIRUWKHFRPSRQHQWHYHQPRUH


D&XUUHQWVWDWH
EK\SRWKHWLFDO366PRGLILHGVWDWH

 
)LJXUH7KUHHFRPSRQHQWPDWHULDO IORZVLQ6ZHGHQIRUWZRVWDWHV%RWK
VWDWHVDEGHOLYHUPLOOLRQNLORPHWHUVRIWUXFNIXQFWLRQ1XPEHUVIRU
HDFK DUURZ DUH VWDWHG LQ SHU PLO (Å RI WKH WRWDO FXUUHQWVWDWH PDWHULDO
IORZ'XHWRGHVLJQDQGRWKHUFKDQJHVWKH366PRGLILHGVWDWHEGHPDQGV
OHVVWRWDOPDWHULDO LQSXW IURPWKHFRPSRQHQWPDQXIDFWXUHUWRSULJKW
RIHDFKGLDJUDPWKDQWKHFXUUHQWVWDWHD

SUHFLVH$GGLQJPDWHULDOZDVQRWFRQVLGHUHG WREHD OLNHO\
FKRLFH ± IXHO FRVWVDQG HIILFLHQF\ VWDQGDUGV DUH D FRQVWDQW
GULYLQJIRUFHWKDWGHPDQGVWUXFNZHLJKWUHGXFWLRQ:KHQLW
FRPHV WR DQ LQFUHDVH RI PHDVXUHPHQW SUHFLVLRQ &&R
DOUHDG\ RIIHUV D IHZ GLIIHUHQW OHYHOV RI SUHFLVLRQ IRU LWV
SURGXFWV DQG DGGLWLRQDO SUHFLVLRQ DQG XVH OLIH FRXOG EH
RIIHUHGDWWKHULJKWSULFH)RUWKLVVWXG\DXVHOLIHLQFUHDVH
RI  LV HVWLPDWHG 7KLV HVWLPDWH LV ZHOO ZLWKLQ WKH
GLIIHUHQWLDWLRQ WKDWH[LVWVEHWZHHQFRPSRQHQWVRIGLIIHULQJ
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OHYHOVRISUHFLVLRQ

&RPSDULQJ WKH WZR VWDWHV LW LV VHHQ WKDW WKH PRGLILHG
VWDWH UHTXLUHV  OHVV WRWDO PDWHULDO LQSXWV 
YHUVXV  WR GHOLYHU WKH IXQFWLRQ RI WKH WKUHH
FRPSRQHQWV /RRNHG DW LQGLYLGXDOO\  OHVV PDWHULDO
ZRXOG EH UHTXLUHG WR GHOLYHU IXQFWLRQ IRU WKH ZKHHO
FRPSRQHQWZIRUWKHJHDUER[FRPSRQHQWJDQG
IRUWKHHQJLQHFRPSRQHQWH

0DWHULDO HIILFLHQF\ JDLQV IRU WKH VWXGLHG HQJLQH DQG
JHDUER[ FRPSRQHQWVPD\ EH FRQVLGHUHGPRGHVW EXW WKH\
ZHUH FDOFXODWHG ZLWK FRQVHUYDWLYH HVWLPDWHV ,Q DGGLWLRQ
VLQFHPRVW RI WKH VWXGLHG HQJLQH DQG JHDUER[ FRPSRQHQWV
DUHUHSODFHGGXULQJUHPDQXIDFWXULQJHYHQVL]DEOHLQFUHDVHV
LQUHPDQXIDFWXULQJGRQRWUHGXFHWKHPDWHULDOXVHUHODWHGWR
WKHVH FRPSRQHQWV WUHPHQGRXVO\ ,Q RUGHU WR LQFUHDVH
PDWHULDO HIILFLHQF\ WR D KLJKHU GHJUHH FRPSRQHQWV ZRXOG
KDYH WR EH UHSODFHG WR D OHVVHU H[WHQW )RU WKH ZKHHO
FRPSRQHQWV KRZHYHU ODUJHU JDLQV LQ PDWHULDO HIILFLHQF\
DSSHDUWREHSRVVLEOHEDVHGRQFRPSRQHQWGHVLJQ

)LQDOO\ LW VKRXOG EH QRWHG WKDW VLQFH FRPSRQHQWV WKDW
DUHFRPPRQO\FRQVLGHUHGWREHFRQVXPDEOHVZHUHDVVHVVHG
LQVWHDGRIWKHWUXFNLWVHOIVRPHPDWHULDOHIILFLHQF\SRWHQWLDO
LVKLGGHQ)RUH[DPSOHLIPDWHULDOHIILFLHQF\RIWKHHQJLQH
RUJHDUER[ZHUHDVVHVVHGLQVWHDGPXFKODUJHUJDLQVZRXOG
EHVHHQ
6. Conclusions 
7KLV VWXG\ DLPHG WR  DVVHVV WKH FDSDELOLWLHV RI WZR
FRPSDQLHV LQ D SURGXFW FKDLQ WR DGRSW D WUXFN366DQG WR
 DVVHVV ZKDW PDWHULDO HIILFLHQF\ JDLQV FRXOG EH PDGH
$FFRUGLQJ WR D FDSDELOLWLHV DVVHVVPHQW 7&R KDV DOUHDG\
SDUWLDOO\ GHYHORSHG PDQ\ RI WKH FDSDELOLWLHV QHFHVVDU\ WR
LPSOHPHQW D 366 EXVLQHVV PRGHO ,W KDV FHUWDLQ NH\
HOHPHQWV LQ SODFH VXFK DV LQIUDVWUXFWXUH DQG GHVLJQ IRU
UHPDQXIDFWXULQJ ZHOOGHYHORSHG VHUYLFH FKDQQHOV DQG
XWLOLW\ DQG XSWLPHIRFXVHG FXVWRPHUV $V D VXSSOLHU WR 7
&R&&RDSSHDUVWREHFDSDEOHLQWXUQWRSURYLGHSURGXFWV
DQGVHUYLFHVWRWKH366

/RRNLQJ DW PDWHULDO HIILFLHQF\ WKH PDWHULDO IORZ
DVVHVVPHQW RI WKUHH FKRVHQ FRPSRQHQWV VKRZHG WKDW WKH
PDWHULDO QHHGHG IRU IXQFWLRQ GHOLYHUHG E\ WKH ZKHHO
FRPSRQHQWZRXOG GHFUHDVH E\ RYHU 0DWHULDO QHHGHG
IRU WKHRWKHUWZRFRPSRQHQWV XVHGLQLQWKHJHDUER[DQG
WKH HQJLQH ZRXOG GHFUHDVH E\ MXVW OHVV WKDQ 
&RQVLGHUHG WRJHWKHU WKH PDWHULDO QHHGHG IRU WKH WKUHH
FRPSRQHQWV ZRXOG EH UHGXFHG E\ RYHU  7KLV LV
SURPLVLQJ DV UHODWLYHO\ FRQVHUYDWLYH ³ZLWKLQ UHDFK´
HVWLPDWHVZHUHXVHG&RPELQHGWKHUHVXOWVLQGLFDWHWKDWWKH
ILUPVPD\EH³366FDSDEOH´DQGPD\EHDEOH WRFDSLWDOL]H
RQUHODWHGPDWHULDOHIILFLHQF\JDLQV
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